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● Funding: AHRQ/PCORI, NIDA, NIMH, & the FDA

● Career: EM physician in an urban, academic 
environment

● Personal:
○ Deep interest in connecting with individuals
○ Believe in rapid-cycle innovation and studies
○ Father of two boys (5 and 2 yo) in the 

pandemic

Disclosures
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Objectives:
Briefly frame the 

concepts of digital and 
mobile health

Personal examples of 
digital applications and 

methods in patient-
oriented research

Successes, Failures, and 
the Future
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Learning Health Systems, 
Personal Experiences & 
Research
• Academic, urban emergency medicine
• Health services researcher
• Patient-centered outcomes and 

engagement
• Rapidly inform clinical practice 



Digital and Mobile 
Health
● Definition and landscape

● Rapidly evolving 
● Integration across health 

platforms varies
● Disparities exist in access
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Study: 

RCT using wearable devices and 
digital participant engagement/data 

collection
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Motivating and increasing physical activity remains 
important and challenging. 
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Trial Design 
and Approach 
Conduct a three arm RCT remotely using 
digital methods required key steps at 
enrollment, intervention, and follow-up.



Methods
Design

RCT testing gamification with 
social support +/- loss-framed 

financial incentive

Enrollment
Mailed letter of interest with 

follow up phone call to obtain 
informed consent and then sent 

a wearable device

Data Collection
Step count data from wearable 

device

+

Text message based interaction
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Key Takeaways
Design

Requires daily access to a 
smartphone or tablet

Enrollment
Wearable devices
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Remote Engagement & 
Data Collection
Text Messaging and Data Integration

● Way To Health (@Penn), other vendors exist

Opportunities to fold in behavioral economics

● Interaction/Competition with others (social support)

● Automated and dynamic notifications (gamification)

● Study logistics – reminders, payment, or follow up
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Study Results & 
Lessons 

- Remote enrollment

- Digital engagement

- Data integration



Study #2: 

LHS research using prospective, 
simple text messaging at scale in 

post-operative patients
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2nd most common type of illicit drug use
the ‘nonmedical’ use of prescription opioids e.g. diverted tablets

Up to 80%
of prescription opioid tablets are unused 
following surgery

70% of individuals with OUD
used ‘left over’ tablets from friends or family
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Acute Opioid Prescribing and the Opioid Epidemic



A need to ‘Right-Size’

Higher Initial Prescriptions Linked 
with Family Member Overdose

(Khan, JAMA IM 2019)

Acute Prescriptions Associated with 
Long Term Use

(Meisel, Annals of EM 2019)
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Policy & Practice
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Opportunity:
Gather patient-reported data to inform 
providers and generate procedure, or 
injury, specific guidelines for acute opioid 
prescribing



Need for a novel approach

Patient-Reported 
Pain Score

Ability to Mange Pain

Pain Medication Use

Non-opioid Analgesia

Opioid Consumption

Scalable
Accessible

Cross-cutting

Adaptable

Real-time
Classically Retrospective

Phone call or Survey

Based Methods
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Testing the feasibility of 
gathering acute pain and 
opioid use through text-
messaging.



Approach
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Non-opioid vs. Opioid
Lesson: No need to ‘prime’ 

patients with questions regarding 
nonopioid use

Consent
Lesson: Collaborate early with 
legal and privacy champions to 
redesign classically in person 

processes

Health Information
Lesson: Limit PHI and identifying 

factors.
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Clear, Simple & Short
Lesson: Questions should fit text 

character limits and prompt 
participants for a simple response 

(e.g ”3” or “yes”)

Platform Flexibility
Lesson: There is a need for rapid 
cycle developments and changes 

to scripts.

Embedded Links
Lesson: Carriers may block or limit 

links and thus impact data 
collection.

Lessons Learned
Iterative Text Messaging Development
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Learning at scale: Acute Pain and Opioid Use
FDA Sponsored Research

● Multi year project

● Piloted in Orthopedics and Rapidly Scaled

● Post surgical, automated text messaging

● Generate patient-centered data:
○ Pain Intensity
○ Ability to Manage Pain
○ Opioid Use (matched to prescription)
○ Opioid Disposal 

● Aggregate Clinician Data
○ Department/Division 
○ Procedure Level
○ Prescriber Level
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Text-Messaging Data – Patient



Text-Messaging Data – Patient
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Scalable & 
Interdisciplinary Approach
● Continuous process to onboard 

divisions/departments

● Engagement to date:
○ Opioid Prescribed & texted: 8,763
○ Consented to texting: 54%
○ Filled Opioid Rx: 87%

● Data in Action 
○ Identifying patient reported use
○ Informing acute guidelines
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Pitfalls
Additional ”Work”

Attempting to enroll participants 
within clinical environments

Complexity in Branching
Introduce friction and lead to 

fatigue and lower response rates

Embedded Links/Surveys
Can be screened out or never 

accessed

28

Privacy and Security
Focus on this up front with key 

stakeholders

Nudges vs. Overbearing
Balance a gentle reminder and 

being over bearing

Siloed Research/Efforts
Situational awareness with other 

trials or programs



Pearls
Keep it Simple
Straightforward and 
conversational tone

Offload Where Possible
Integration can be helpful to 
offload participants/clinicians

Opt-out
Allow participants to opt-out up 
front and provide additional study 
information 
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Timing Matters
Think about when to send 
messages, short and brief 
reminders as follow up

It’s a Hammer
Digital methods are a tool that 
can facilitate research but often 
must work with other strategies 
(e.g. behavioral economics)

Pilot Test Early & Often
Fail fast and be ready to pivot in 
planning



Future Opportunities
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Thank You
Questions, Thoughts, or 
Comments?

Anish.Agarwal@pennmedicine.upenn.edu

@agarwalEM 
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